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(57) Process for the production of epoxides by the 
reaction of at least one olefin and hydrogen peroxide, or 
a compound capable of producing hydrogen peroxide 
under the reaction conditions, in the presence of a cata- 
lyst consisting of titanium silicalite subjected to ion 
exchange treatment with metal cations (M 0 *) present on 
the catalyst in a quantity ranging from 0.01 to 1% by 
weight with respect to the total weight. 



< 

00 
CO 

o 

CO 



CL 
LU 



Printed by Xerox (UK) Business Services 

2.16.7/3.6 



SDOCID: <EP 09303nRA! I > 



1 



EP 0 930 308 A1 



2 



Description 

[0001] The present invention relates to a process for 
the production of olefinic epoxides. 
[0002] More specifically, the present invention relates 
to a process for the production of olefinic epoxides by 
the reaction of olefins and hydrogen peroxide, or com- 
pounds capable of producing hydrogen peroxide under 
the reaction conditions, in the presence of a titanium-sil- 
tcalite catalyst, subjected to treatment with metal cati- 
ons. 

[0003] Olefinic epoxides or oxides are intermediates 
which can be used for the preparation of a wide variety 
of compounds. For example, epoxides can be used for 
the production of glycols, condensation polymers such 
as polyesters or for the preparation of intermediates 
used in the synthesis of polyurethane foams, elastom- 
ers, seals, etc. 

[0004] Numerous processes for the preparation of 
olefinic oxides are known in the art. For example, Euro- 
pean patent EP 100.119 describes a process for the 
preparation of epoxides by the reaction between an ole- 
fin and hydrogen peroxide, or a compound capable of 
producing hydrogen peroxide under the reaction condi- 
tions, in the presence of titanium silicalite. These cata- 
lysts enable epoxides to be obtained with a high 
selectivity. 

[0005]: The acidity which characterizes these cata- 
lysts, however, even if low, is sufficient to activate con- 
secutive solvolytic reactions on the epoxide with the 
opening of the ring. This results in an increase in pro- 
duction costs owing to the decrease in the yield to epox- 
ide and for the separation of the by-products formed. 
[0006] European patent EP 230.949 describes a proc- 
ess for the preparation of epoxides from olefins and 
hydrogen peroxide which uses as catalyst a titanium sil- 
icalite treated, before or during the epoxidation reaction, 
with an agent which neutralizes the acidity of the cata- 
lyst itself. Neutralizing agents indicated are organic 
derivatives of silicon of the type XSiR 3 (X = halogen, for 
example) or hydrosoluble substances deriving from cat- 
ions of the 1st and llnd group, with a different basic 
strength. 

[0007] In the case of treatment with organic deriva- 
tives of silicon, a great limitation consists in their well- 
known reactivity which makes it necessary to exclu- 
sively carry out a preventive treatment of the catalyst, as 
treatment effected during the epoxidation reaction, add- 
ing these compounds in continuous, would produce 
undesired reactions even with the solvents and reaction 
products. 

[0008] With respect to the, use of basic substances of 
cations of the 1st and llnd group, a great limitation lies in 
their hydrosolubility. making it necessary for there to be 
an amount of water in the reaction solvent, right from 
the beginning, which is such as to completely dissolve 
them if the neutralization treatment is to be carried out 
during the reaction. 



[0009] On the other hand, it is well known that the 
physical solubilization of an olefin in a protic organic sol- 
vent, such as for example an alcohol, decreases with an 
increase in the water present. For example in the case 

5 of propylene, a few percentage units of water with 
respect to the weight of alcoholic solvent, drastically 
lower its solubility, requiring pressure conditions much 
higher than atmospheric values to keep the concentra- 
tion of propylene dissolved in the reaction medium at 

w the necessary values. 

[0010] Published European patent application EP 
712.852 (ARCO) describes the use of titanium silicalites 
in the presence of low concentrations of non-basic salts 
to increase the selectivity to epoxide apparently without 

15 there being a decrease in the conversion rate of hydro- 
gen peroxide. The salts are those whose cations belong 
again to group I and II and whose anions are chloride, 
bromide, nitrate, sulfate and phosphates, arsenates, 
stannates, formiates, acetates (and higher carboxylates 

20 up to C 10 ) and bicarbonates. In the context of the ARCO 
process, these anions are considered as being non- 
basic because when they are dissolved to a concentra- 
tion of 0.1 N, or in any case to saturation, in water at 
25°C, solutions are obtained with pH < 8 and, in any 

25 case not less than 4. 

[001 1 ] Significant results are not even obtained in this 
case, however, either in terms of conversion of hydro- 
gen peroxide or, above all, selectivity to epoxide. 
[001 2] The Applicant has succeeded in finding a proc- 

30 ess which overcomes all the difficulties and limitations 
described above by adequately exploiting the capacity 
of titanium silicalite to exchange cations. In particular, it 
has been observed that this ion exchange treatment 
allows catalysts to be obtained which are capable of 

35 reaching substantially higher selectivities to epoxide 
than those with catalysts as such (not treated). 
[0013] The present invention therefore relates to a 
process for the production of epoxides by the reaction of 
at least one olefin and hydrogen peroxide, or a com- 

40 pound capable of producing hydrogen peroxide under 
the reaction conditions, in the presence of a catalyst 
consisting of titanium silicalite subjected to ion 
exchange treatment (exchanged) with metal cations 
(M n+ ) present on the catalyst in a quantity ranging from 

45 0.0001 to 1% by weight with respect to the total weight. 
[0014] According to the present invention therefore, 
owing to the unexpected exchange capacity of titanium 
silicalite and the versatility which characterizes an ion 
exchange operation, it is possible to carry out exchange 

so treatment on the catalyst as such with cations on the 
acid centres of the catalyst itself, which results in a con- 
siderable reduction in its intrinsic acidity, which is mainly 
responsible in epoxidation reactions for the formation of 
by-products from the epoxide formed. 

55 [0015] Any cation capable of reducing the intrinsic 
acidity of titanium silicalite can be used in the prepara- 
tion of the catalyst of the process of the present inven- 
tion. Examples of particularly preferred cations are 
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metal cations of group MB (in particular zinc); group NIB 
(in particular lanthanium); the rare-earth group, or lan- 
thanides, (with particular reference to samarium). Other 
examples are cations of vanadium (in particular as 
metavanadate ion); tungsten (mainly as metatungstate 
ion); tin and lead (with particular reference to the latter); 
indium and tallium (with particular reference to the lat- 
ter); and, naturally, cations of group I and II, and ammo- 
nium. 

[0016] These M n + cations can naturally be part of 
organic or inorganic salt complexes contemporaneously 
containing more than one of the cations of the above 
elements and associated with one or more of the ele- 
ments selected from carbon, boron, silicon, nitrogen, 
phosphorous, sulfur, fluorine, selenium, arsenic, tin, 
molibden and antimonium. 

[0017] Examples of organic or inorganic salt com- 
plexes that comprise M™" cations are: hexafluoroarse- 
nates, hexafluoroantimonates, hexafluorophosphates, 
hexafluorostannates, trifluoromethanesulfonates, 
cyclohexabutyrrates, 2-ethylhexanates, ethylenediami- 
notetracetates, nitrilotriacetates, oxinates, cupferro- 
nates, alkyl or aryl or aralkylsulfates, 
trimethylsilylethanesulfonates, dithizonates. subsali- 
cylates, acetylacetonates, etc. 

[0018] From a process point of view, the ion exchange 
can be carried out with various techniques but those 
used in the context of the present invention and based 
on incipient wetting impregnation, on reflux boiling of 
the exchanging solution or fixed-bed percolation are 
preferred as they are both easy to effect and also 
extremely efficient. 

[0019] With the incipient wetting impregnation tech- 
nique, a preliminary drying is carried out at 105-120°C 
under vacuum of the titanium silicalite, followed by the 
actual impregnation with a solution (not necessarily 
aqueous) with a volume equal to the pore volume of the 
catalyst and adequate content in the salt, either simple 
or complex, containing the cation(s) to be exchanged, 
after which it is filtered, washed with methanol, dried at 
105-120°C and calcined at 550°C for 3-5 hours. 
[0020] With the reflux boiling technique, the ion 
exchange is carried out by stirring the titanium silicalite 
in a solution of deionized water in which the salt contain- 
ing the desired M n+ cation(s) has been previously dis- 
solved, not necessarily totally (in fact it is possible to use 
salts which are not very soluble, in which case there 
may be a certain suspension of the salt itself). The 
weight ratio between titanium silicalite and the salt solu- 
tion (and/or suspension) is generally between 1 :10 and 
1:100, preferably between 1:5 and 1:30. The boiling 
point of the solution is maintained for a time generally 
ranging from 5 to 100 minutes, preferably between 15 
and 50 minutes. After this period, the catalyst is filtered, 
washed with methanol and water, dried in an oven at 
105-120°C and calcined at 550°C for 3-5 hours. 
[0021] With the fixed-bed percolation technique, the 
salt solution and/or suspension (not necessarily aque- 



ous) is percolated onto the catalyst to be treated con- 
tained in a jacketed tubular reactor. The eluate is 
recovered in a tank and recirculated with a pump to the 
reactor for as many times as is sufficient to exchange 
5 the established concentration of the cation (or cations) 
on the catalyst. 

[0022] Alternatively, it is possible to percolate the sol- 
vent alone, which eluates a thin layer of the salt, con- 
taining the cation (or cations) to be exchanged, 

10 arranged on the upper part of the catalyst. 

[0023] Also in this case, the percolate may, after the 
first passage, be conveniently recycled onto the cata- 
lyst. As an acidity of the protonic type is also exchanged 
in the process, the anion of the salt may be present in 

15 the eluate as conjugated acid of which analysis may 
provide a first indication of the concentration of the M n+ 
cation (or cations) exchanged. 

[0024] The catalyst is charged into the reactor in such 
a way as to obtain a pack which eliminates any prefer- 

20 ential ways of the liquid through the solid with a conse- 
quent exchange homogeneity of the cation (or cations). 
[0025] The ion exchange techniques described above 
refer to preventive neutralizations of the catalyst. The 
ion exchange process can, however, also be effected 

25 during the epoxidation reaction carried out in continu- 
ous by adding the saline agent to the fluid fed to the 
reactor, in a quantity varying according to the reaction 
medium, temperature, olefin to be epoxidated as well as 
the conversion rate to epoxide of the latter. 

30 [0026] The high selectivity to epoxide which can be 
obtained in this way can therefore be advantageously 
maintained for the whole reaction period, as the salt 
continuously added with the feeding of the reagents can 
replace that possibly washed away by the catalyst, 

35 whereas the possible excess, remaining dissolved in 
the reaction medium, is automatically eliminated with 
the effluent solution from the epoxidation reactor. Under 
these conditions it is therefore possible to avoid or cor- 
rect in a short time any possible drops in selectivity due 

40 to the re-establishment of the acidity of the titanium sili- 
calite. 

[0027] The quantity of M n+ cation (or cations) which 
can be used in the preventive neutralization by ion 
exchange of the catalyst is between 0.0001% and 1%, 

45 preferably between 0.01% and 0.5% by weight with 
respect to the weight of the exchanging solution. If the 
treatment of the catalyst is carried out in continuous dur- 
ing the epoxidation reaction, the quantity of saline agent 
containing the cation is maintained at 0.0001% to 

so 0.001% by weight with respect to the weight of the solu- 
tion in the synthesis reactor. 

[0028] If a previously treated catalyst is used in the 
epoxidation reaction, it may be advantageous, after a 
certain time, to re-establish the quantity of cation, possi- 
55 bly washed away, by integrating it with an appropriate 
quantity dissolved in the feeding to the synthesis reac- 
tor. This amount is generally quite small and is between 
0.00001% and 0.0001% by weight with respect to the 
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weight of the solution in the synthesis reactor. 
[0029] Mainly with the last procedure described, it is 
possible to guarantee and maintain very high selectivi- 
. ties to epoxide already in the first phases of the reac- 
tion, without causing undesired reductions in the 
conversion rate to epoxide. 

[0030] The catalyst which can be used in the process 
of the present invention is selected from those generally 
known as titanium silicalites which correspond to the 
general formula: 

xTiO 2 0 - x)Si0 2 

wherein x is between 0.0001 and 0.15, preferably 
between 0.001 and 0.04. These materials are known in 
scientific literature and can be prepared according to 
the method described in U.S. patent 4.410.501 where 
their structural characteristics are also specified. Tita- 
nium silicalites in which part of the titanium is substi- 
tuted by other metals such as boron, aluminum, iron or 
gallium, can also be used. These substituted titanium 
silicalites and their preparation methods are described 
in published European patent applications 226.257, 
226.258 and 226.825. 

[0031 ] The quantity of catalyst used in the process for 
the preparation of the epoxides of the present invention 
is not critical and is selected so as to allow the comple- 
tion of | the epoxidation reaction in as short a time as 
possible. The quantity of catalyst generally depends on 
the reaction temperature, reactivity and concentration of 
the olefins, the concentration of the hydrogen peroxide 
and type of solvent. For example, the quantity of cata- 
lyst can vary from 0.1 to 30 g per mole of olefin. 
[0032] The olefinic compounds which can be used in 
the process of the present invention can be selected 
from organic compounds having at least one double 
bond and can be aromatic, aliphatic, alkylaromatic, 
cyclic, branched or linear. They are preferably olefinic 
hydrocarbons having from 2 to 30 carbon atoms in the 
molecule and containing at least one double bond. 
[0033] Examples of olefins suitable for the purposes 
of the present invention are selected from those having 
the general formula: 



\ / 5 

c=c 

/ \ 

wherein: R-j, R 2 . R3, R4, the same or different, can be H, 
an alkyl radical with from 1 to 20 carbon atoms, an aryi 
radical, an alkylaryl radical with from 6 to 20 carbon 
atoms, a cycloalkyl radical with from 6 to 10 carbon 
atoms, an alkylcycloalkyl radical with from 7 to 20 car- 
bon atoms; the R 1( R 2 , R3 and R 4 radicals may form, in 



pairs, saturated or unsaturated rings. In addition, these 
radicals may contain halogen atoms, nitro, nitrile, sul- 
fonic groups and relative esters, carbonyl, hydroxy!, car- 
boxyl, thiol, amine groups and ethers. 

5 [0034] Examples of olefins which can be epoxidated 
with the process of the present invention are: ethylene, 
propylene, allyl chloride, allyl alcohol, butenes, 
pentenes, hexenes, heptenes, octene-1, tridecene, 
mesityl oxide, isoprene, cyclo-octene. cyclohexene or 

10 bicyclic compounds such as norbornenes, pinenes, etc. 
The olefins may carry the above substituents on both 
unsaturated carbon atoms and different positions. 
[0035] The oxidating agent used in the process of the 
present invention is hydrogen peroxide (H 2 0 2 ) or a 

15 compound which under epoxidation conditions is capa- 
ble of generating H 2 0 2 . The quantity of hydrogen perox- 
ide with respect to the olefin is not critical, but it is 
preferable to use a molar ratio olefin/H 2 0 2 ranging from 
0.9 to 5, preferably between 0.95 and 3. 

20 [0036] The epoxidation reaction can be carried out in 
one or more solvents liquid at epoxidation tempera- 
tures. Solvents of a polar nature such as alcohols 
(methanol, ethanol, isopropyl alcohol, t-butyl alcohol, 
cyclohexanol), ketones (for example acetone, methyle- 

25 thyl ketone, acetophenone), ethers (tetrahydrofuran, 
butyl ether), aliphatic and aromatic hydrocarbons, halo- 
genated hydrocarbons, esters, glycols with a number of 
carbon atoms less than or equal to 6, aliphatic or aro- 
matic nitriles (for example acetonitrile and benzonitrile), 

30 are typically used. Methanol and among the ketones, 
acetone, are preferably used. 

[0037] The temperatures used in the process of the 
present invention generally range from 0 to 150°C, pref- 
erably from 20 to 100°C, more preferably from 30 to 
35 80°C. 

[0038] The operating pressures are those which ena- 
ble the olefin to be maintained in the liquid phase at the 
temperature established for the reaction. The operating 
pressure is generally higher than atmospheric pressure 
40 when gaseous olefins are used. 

[0039] The epoxidation process of the present inven- 
tion can be carried out in batch, semi-continuous or, 
preferably, in continuous. 

[0040] Different types of reactor can be used in the 
45 process of the present invention, for example, a fixed- 
bed reactor, a slurry reactor or a fluid-bed reactor. 
Depending on the type of reactor, the catalyst can be 
used in the form of microspheres, granules or tablets of 
various shapes and forms. 
50 [0041] The process for the preparation of olefinic 
epoxides according to the present invention can be car- 
ried out using known methods. For example, all the rea- 
gents can be introduced into the reaction zone 
contemporaneously or in sequence. At the end of the 
55 epoxidation reaction the products can be separated and 
recovered from the reaction mixture using conventional 
techniques such as distillation, crystallization, liquid-liq- 
uid extraction, steam stripping, etc. The catalyst and 
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also the non-reacted products (olefin and H 2 0 2 ) can be 
recovered and reused in subsequent epoxidation steps. 
[0042] The following examples provide a better illus- 
tration of the invention without limiting its scope. The 
titanium silicalite used in the examples is prepared 5 
according to what is described in published European 
patent application 100.119. It is appropriately con- 
served in a dry or inert atmosphere. The total quantity of 
titanium silicalite measured with the FRX technique is 
equal to 2.05% by weight, whereas that resulting from 10 
chemical analysis is 2.02%. 

EXAMPLE 1 

[0043] 100 g of titanium silicalite are suspended in 15 
1000 ml of deionized water to which 8.4 g of basic zinc 
carbonate [2ZnC0 3 • 3Zn(OH)2] have been previously 
added. 

[0044] The suspension is maintained, under adequate 
stirring, at reflux temperature for 30 minutes. 20 
[0045] The catalyst thus treated is filtered, washed 
with boiling water and subsequently with methanol and 
is then dried in an oven at about 120°C and calcined in 
muffle at 550°C for 3 hours. 

[0046] FRX analysis reveals [Zn 2+ ] = 0.07% in the cat- 25 
alyst. 

EXAMPLE 2 

[0047] 100 g of titanium silicalite are subjected to 30 
incipient wetting impregnation with 2.8 g of zinc acetate 
in a volume of solvent of 47 ml (the same as the pore 
volume of the catalyst), maintained at boiling point for 
15 minutes. 

[0048] The catalyst is then filtered, washed with boil- 35 
ing water and subsequently with methanol and is then 
dried in an oven at 120°C and calcined in muffle at 
550°C for 3 hours. 

[0049] FRX analysis reveals an incorporation of Zn 2+ 
equal to 0.066% in the catalyst. 40 

EXAMPLE 3 

[0050] 100 g of packed titanium silicalite are charged 
into a jacketed pipe whose top is connected to a feeding 45 
tank of the eluant, maintained at a temperature of 80°C, 
which also acts as a tank for the recycling of the eluate. 
[0051] 4.4 g of zinc nitrate in the form of a fine layer 
are arranged on the top of the catalyst bed. 
[0052] The solvent which eluates the fine layer is then so 
percolated. After a first passage, the eluate is recycled 
to the feeding tank and the process is repeated for 60 
minutes. 

[0053] The catalyst thus exchanged is discharged 
from the pipe, washed with water and methanol and 55 
then dried at 120°C and calcined at 550°C for 5 hours. 
[0054] FRX analysis reveals [Zn 2+ ] = 0.06% in the cat- 
alyst. 



EXAMPLE 4 

[0055] 100 of titanium silicalite are treated with 3.6 g 
of lanthanium acetate using the reflux boiling method for 
30 minutes. 

[0056] FRX analysis reveals an incorporation of La 3+ 
equal to 0.25% in the catalyst. 

EXAMPLE 5 

[0057] 100 g of titanium silicalite are treated with 5.1 
g of samarium nitrate using the fixed-bed percolation 
method for 40 minutes. 

[0058] FRX analysis reveals a content of Sm 3+ incor- 
porated in the catalyst of 0.28%. 

EXAMPLE 6 

[0059] 100 of titanium silicalite are treated with 4.1 g 
of tallium nitrate using the reflux boiling method for 45 
minutes. 

[0060] FRX analysis reveals a content of Tl + 
exchanged in the catalyst equal to 0.15%. 

EXAMPLE 7 

[0061] 100 g of titanium silicalite are treated with 3.1 
g of cerium nitrate using the incipient wetting impregna- 
tion method for 30 minutes. 

[0062] FRX analysis reveals a content of Ce 4+ 
exchanged in the catalyst equal to 0.32%. 

EXAMPLE 8 

[0063] 100 g of titanium silicalite are treated contem- 
poraneously with 4 g of calcium carbonate and 8 g of 
stronzium carbonate with the reflux boiling method for 
50 minutes. 

[0064] FRX analysis reveals ah incorporation in the 
catalyst of 0.13% of Sr 2+ and 0.05% of Ca 2+ . 
[0065] In all the samples of titanium silicalite subjected 
to different cationic treatment the titers of titanium found 
were practically identical to those of the non-pretreated 
catalyst as revealed by DRX diffraction patterns. 

EXAMPLE 9 (comparative! 

[0066] 5 g of titanium silicalite as such (i.e. not treated 
with any of the salts of the invention) in 500 g of metha- 
nol are suspended in a 1 litre reactor, equipped with a 
mechanical stirrer with gaseous effect and a thermo- 
static system (internal coil immersed in the reaction 
solution and external circulation jacket). 
[0067] After thermostat- regulating the system at 40°C 
and pressurizing with propylene under stirring at 1.2 
atms (constant for the whole duration of the test), 16.23 
g of H 2 0 2 at 34.74% by weight are added at such a rate 
as to exhaust the addition of the oxidating agent in 15 
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minutes. 

[0068] After this period, a sample of reaction solution 
is immediately taken. The residual H 2 0 2 is iodometri- 
cally determined whereas the reaction products are 
quantified by gaschromatography and HPLC. The 
results are: 

conversion H 2 0 2 : 96%; 

selectivity to 1 ,2-epoxypropane: 93%; 

yield of by-products (ethers + glycols): 6.5%. 

EXAMPLE 10 

[0069] An epoxidation test of propylene was carried 
out, adopting the same procedure and same quantities 
of reagents used in example 9, using however 5 g of tita- 
nium silicalite treated as specified in example 1. Analy- 
sis of the reaction sample effected after 15 minutes 
gives the following results: 

conversion H 2 0 2 : 97%; 

selectivity to 1 ,2-epoxypropane: 98.2%; 

yield of by-products (ethers + glycols): 1 .5%. 

EXAMPLE 11 

[0070] The epoxidation of propylene is carried out 
under the same conditions as example 9, using 5 g of 
titanium silicalite treated as specified in example 2. After 
1 5 minutes, analysis of the reaction sample gave the fol- 
lowing results: 

conversion H 2 0 2 : 96.6%; 

selectivity to 1 ,2-epoxypropane: 98.5%; 

yield of by-products (ethers + glycols): 1 .2%. 

EXAMPLE 12 

[0071] The epoxidation of propylene is carried out 
adopting the same procedure as example 9, but using 5 
g of titanium silicalite treated as specified in example 3. 
After 15 minutes, analysis of the reaction sample gave 
the following results: 

conversion H 2 0 2 : 97.2%; 

selectivity to 1 ,2-epoxypropane: 98. 1%; 

yield of by-products (ethers + glycols): 1 .6%. 

[0072] As can be noted, the performance of titanium 
silicalite treated with 3 different zinc salts is identical, 
proving that the effect is due to the cation and not to the 
accompanying anion. 

EXAMPLE 13 

[0073] 400 g of methanol, 5 g of catalyst prepared as 
in example 2 and 40 g of ally! chloride are charged into 
the same reactor as example 9. 



[0074] The solution is thermostat-regulated at 55°C 
after which 28.2 g of H 2 0 2 at 35.1% by weight are 
added over a period of 15 minutes. After a further 15 
minutes, a reaction sample is removed which, after 
5 being subjected to iodometric. gaschromatographic and 
HPLC analyses, gives the following results: 

conversion H 2 0 2 : 98.0%; 
selectivity to 1 -chloro-2,3-epoxypropane: 97.5%; 
10 - yield of by-products: 1 .4%. 

EXAMPLE 14 (comparative) 

[0075] The epoxidation of allyl chloride is carried out 
is under the same conditions as example 1 3, but using 5 g 
of titanium silicalite as such. 

[0076] The H 2 0 2 is added in 15 minutes. After a fur- 
ther 1 5 minutes for completion, the results are as fol- 
lows. 

20 

conversion H 2 0 2 : 96.3%; 

selectivity to 1 -chloro-2,3-epoxypropane: 92.8%; 
yield of by-products: 6.3%. 



[0077] 400 g of methanol. 5 g of catalyst prepared as 
described in example 2 and 40 g of 1-octene are 
charged into the reactor used in the above experiments. 
30 [0078] After thermostat-regulating the system at 60°C 
under stirring, 23.3 g of H 2 0 2 at 34.9% by weight are 
added in 15 minutes. After a further 30 minutes, the 
reaction sample is removed. 

[0079] Iodometric, gaschromatographic and HPLC 
35 analyses give the following results: 

conversion H 2 0 2 : 92.8%; 

selectivity to 1 ,2-epoxyoctane: 92.0%; 

yield of by-products (ethers + glycols): 5.8%. 

40 

EXAMPLE 16 (comparative) 

[0080] The epoxidation of 1-octene with non-treated 
titanium silicalite is carried out under the same condi- 
45 tions specified in example 1 5. The results obtained are: 

conversion H 2 0 2 : 93.1%; 

selectivity to 1 ,2-epoxyoctane: 97.5%; 

yield of by-products (ethers + glycols): 2.1%. 

50 

EXAMPLE 17 

[0081] Propylene is epoxidated under the same con- 
ditions as example 9, but using 5 g of titanium silicalite 
55 treated as specified in example 4. 

[0082] After 15 minutes, analysis of the reaction sam- 
ple indicates: 
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conversion H 2 0 2 : 97.3%; 

selectivity to 1 ,2-epoxypropane: 97. 1%; 

yield of by-products: 2.3%. 

EXAMPLE 18 5 

[0083] Propylene is epoxidated under the same con- 
ditions as example 9, but using 5 g of titanium silicalite 
treated as specified in example 5. 

[0084] After 15 minutes, a reaction sample is 10 
removed, whose analysis indicates: 

conversion H 2 0 2 : 96.9%; 

selectivity to 1 ,2-epoxypropane: 97.0%; 

yield of by-products: 2.3%. 15 

EXAMPLE 19 

[0085] Propylene is epoxidated under the same con- 
ditions as example 9, using 5 g of titanium silicalite pre- 20 
viously treated as indicated in example 6. 
[0086] After 1 5 minutes, analysis of the reaction sam- 
ple provides the following results: 

conversion H 2 0 2 : 96.5%; 25 
selectivity to 1 ,2-epoxypropane: 98.5%; 
yield of by-products: 1 .0%. 

EXAMPLE 20 

30 

[0087] Propylene is epoxidated under the same oper- 
ating conditions as example 9, with 5 g of titanium sili- 
calite treated as specified in example 7. 
[0088] Analyses carried out on a reaction sample after 
1 5 minutes indicate: 35 

conversion H 2 0 2 : 95.5%; 

selectivity to 1 ,2-epoxypropane: 97.8%; 

yield of by-products (ethers + glycols): 0.9%. 

40 

EXAMPLE 21 

[0089] Propylene is epoxidated under the conditions 
specified in example 9, with 5 g of titanium silicalite pre- 
viously treated as indicated in example 8. 45 
[0090] After 1 5 minutes of reaction, analysis of a sam- 
ple indicates: 

conversion H 2 0 2 : 96.3%; 

selectivity to 1 ,2-epoxypropane: 98.0%; so 
yield of by-products: 1.1%. 

Claims 

1. A process for the production of epoxides by the 55 
reaction of at least one olefin and hydrogen perox- 
ide, or a compound capable of producing hydrogen 
peroxide under the reaction conditions, in the pres- 



ence of a catalyst consisting of titanium silicalite 
subjected to ion exchange treatment (exchanged) 
with metal cations (M n+ ) present on the catalyst in a 
quantity ranging from 0.01 to 1% by weight with 
respect to the total weight. 

2. The process according to claim 1, wherein the 
metal cations are selected from those of group MB; 
group IIIB; the rare-earth group, or lanthanides; 
vanadium; tungsten; tin and lead; indium and tal- 
lium and cations of group I and II, and ammonium. 

3. The process according to claim 1 or 2, wherein the 
M n+ cations are part of organic or inorganic salt 
complexes containing more than one of the cations 
of the above elements and in association with one 
or more of the elements selected from carbon, 
boron, silicon, nitrogen, phosphorous, sulfur, fluo- 
rine, selenium, arsenic, tin, molibden and antimo- 
nium. 

4. The process according to any of the previous 
claims, wherein the ion exchange is carried out by 
means of incipient wetting impregnation, reflux boil- 
ing of the exchanging solution or fixed-bed percola- 
tion techniques. 

5. The process according to any of the previous 1 
claims, wherein the titanium silicalites are selected* 
from those have the general formula: 

xTi0 2 (1 - x)Si0 2 

wherein x is between 0.0001 and 0.15. 

6. The process according to claim 5, wherein part of 
the titanium of the catalyst is substituted by other 
metals such as boron, aluminum, iron or gallium. 

7. The process according to any of the previous 
claims, wherein the catalyst is used in a quantity 
ranging from 0.1 to 30 g per mole of olefin. 

8. The process according to any of the previous 
claims, wherein the olefin is selected from hydro- 
carbons having from 2 to 30 carbon atoms in the 
molecule and containing at least one double bond. 

9. The process according to any of the previous 
claims, wherein the hydrogen peroxide is used in a 
molar ratio olefin/H 2 0 2 ranging from 0.9 to 5. 

10. The process according to any of the previous 
claims, wherein the epoxidation reaction is carried 
out in one or more solvents liquid at the epoxidation 
temperatures. 

11. The process according to any of the previous 
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claims, wherein the epoxidation temperatures 
range from 0 to 150°C. ' 
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